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PRODUCTTON OF GLUCOSE POLYMER MIXTURES BY STARQI JIYDROLYSIS 

The present invention relates to the production of mi)ctures 
of glucose polymers by hi/drolysis of starch. Such mixtures are 
cxinmonly known as dextrins. 
5 Starch is a condensation polynier of glucose, but is not a 

uniform product. Most starches contain tuo types of glucose 
polymers, namely (1) a linear-chain molecule tenred amylose and 
(2) a branched-chain molecule termed araylopectin. Amylose 
constitutes 15 to 30% by weight of the comon starches, the 
10 percentage generally being higher in grain starches than in tuber 
starches. In amylose the glucose units are interconnected mainly 
by 1,4-linkages; in amylcpectin, 1,4-linked chains are 
interconnected by i,6 linlcages. 

The hydrolysis of starch is practised ccnmercially on a 
15 large scale. The world production of com starch is about 16 
million tons per annum and about 705 of this is converted, by 
hydrolysis, into com syrup and thence into dextrose and high 
fructose com syrup. Intermediate hydrolysis products, camonly 
knc*^. as malto-dextrins, also find wide use in the food industry. 
20 The present invention is concerned with the production of 

glucose poUrer mixtures having a weight average molecular weight 
of fron 15,000 to 25,000 (referred to hereinafter, for 
convenience, as GPM) . Such mixtures have been found to be useful 
as osmotic agents in peritoneal dialysis solutions, as described 
25 in British specification No. 2154469 A. 

Because of its corrrrercial ijiportance, the hv-drolysis of 
starch lias been studied for many decades. Havever, the main 
objective of mDst of the work has been to produce as near as 
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possible conplete breakdown of all 1,4 and 1,6-lintoges, with a 
minimum of side-reactions and by-products , in order to get the 
maxiiTTum yield of dextrose. Hydrolysis rates are usually monitored 
by measuring D.E. (Dextxose Equivalent), which is also an 

5 indicator of the number average molecul2u: weight of the products 
of hydrolysis, and by measuring viscosity chamges. These 
measuTOTents provide no infonration about molecular weight 
distribution (M-W.D.). 

In the production of GPM, it has been found that 

10 conventional methods of hydrolysing starch are unsatisfactory in 
that the yield of GPM is quite low. It may, for exanple, be of 
the order of only 25% by weight of the starch used as starting 
material. This results in high costs and causes carbohydrate 
effluent problems. 

15 We have found that almost all methods of hydrolysing starch 

result in the formation of a mixture of glucose polymers which 
fall into two groups, a high molecular weight (H.M.WJ fraction 
and a low molecular weight {L.M.W. ) fraction. As hydrolysis is 
continued, the characteristics of this bimodal M.W.D- change; the 

20 weight of tlie L.M.W. fraction increases and the weight of the 
H.M.W. fraction decreases. Also, there is a progressive decrease 
in the average molecular weight of the H.M.W, fraction. However, 
the average molecular weight of the L.M.W. fraction remains 
little clvinged, being normally of the order of 1,000. GPM is 

25 derived almost entirely frcm the H.M.W. fraction; the L.M.W. 
fraction constitutes unwanted material. 

The yield of GPM wtdch can be obtained by fractionation of a 
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starch hydrolysate depends on the M.W.D. in the hydrolysate. If 
the hydrolysate consists mainly of the L.M.W. fraction, the yield 
is poor. If the yield is to be high, it is necessary that the 
hydrolysis should be terminated before the hydrolysate contains 
5 too nuch L.M.W. material. Ho(««ver, the hydrolysis must be 
continued for a sufficient length of tijne that the H.M.W. 
fraction has reached a low enough average molecular weight that a 
high proportion of it can be fractionated out as GFM. 
Unfortunately, there are many hydrolysis systems which do not 
10 bring the H.M.W fraction to such a low average molecular weight 
until hydrolysis has continued for so long that the weight of the 
L.M.W fraction exceeds that of the H.M.W. fraction; such systenrs 
are inherently incapable of giving the desired high (preferably 
at least 50%) yield of GPM. 
15 It is an object of the present invention to provide a 

process for the production of GPM by hydrolysis of starch in 
which the yield of GPM is substantially higher than with known 
processes. 

We have found that higher yields of GPM can be obtained when 
20 the starch is one having an amylopectin content of at least 95% 
by weight. Also, we have found it possible to select hydrolysis 
procedures capable of giving a good yield of GPM by carrying out 
tests which detect the attainment by the H.M.W. fraction of a 
corposition in v*u.ch the content of polymers of nolecular weight 
25 20,000 is greater than that of polymers of any other individual 
molecular weight within that fraction. 

The invention provides a method of producing GPM comprising 
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(i) selecting a starch which has an amylopectin content of at 
least 95% by weight, 

(ii) selecting a hydrolysis procedure under vrtiich hydrolysis of 
said starch results in the H.M.W. fraction of the hydrolysate 

5 attaining a ccxnposition in which the content of polymer of 

nolecular weight 20^000 is greater than that of polymer of any 
other individual molecular weight within that fraction, before 
the weight of the L.M.W. fraction exceeds that of the H.M.W. 
fraction, 

10 (iii) hydrolysing said starch by meaois of said hydrolysis 
procedure , 

(iv) terminating the hydrolysis before the weight of the L.M.W. 
fraction exceeds that of the H.M.W. fraction, and 

(v) fractionating the mixture to recover therefran a glucose 

1 5 polymer mixture having a weight average raoleculcir weight of frcm 
15,000 to 25,000. 

The starch may be a "waxy" stsurch. This is a type of 
starch produced from special botanical plant varieties. We prefer 
to use waxy naize starch, which is produced frcm a specific 
20 variety of com. Waxy maize starch consists substantially 

entirely of amylopectin. 

The use of a starch of high amylopectin content makes it: 
possible to obtain a high yield of GPM, given a suitable 
hydrolytic agent and appropriate reaction conditions for the 
25 hydrolysis of the starch. 

To test a hydrolysis procedure for the purpose of the 
invention, sanples of hydrolysate are taken intermittently as 



hydrolysis proceeds. Each sainple is then analysed to detennine 
the nolecular weight distribution of the polymers in the 
hydrolsate at the tijne of sairpling. This can be effected by the 
use of size exclusion chromatography (SBC), a ccnparatively 
5 recent, but now well-established, technique for determining the 
molecular weight profile of polymer mixtures,- see, for exanple, 
Alsop et al. Process Biochemistry, Dec. 1977 (15). 

A typical "chrcmatograph" or "elution profile" showing the 
M.W.D. of a partially hydrolysed starch is shown in the single 
10 Figure of the accorpanying drawing. The curve of this Figure is 
of the type produced by SBC; it plots the weight per unit volune 
of material being eluted from a column against the time (and 
hence volume) of elution. It is a characteristic of SEC that the 
higher the molecular weight of raaterial the nore quickly the 
15 material passes through the column. Ihus, the curve of the 

Figure is in effect a plot of the weight per unit volume of the 
material leaving the column at a given tiro against the nolecular 
weight of the. material leaving the column at that tijne. 
Accordingly, the peak L on the curve relates to the L.M.W. 
20 fraction and the peak H to the H.M.W. fraction. The proportions 
by weight of these two fractions can be determined by integration 
of the areas beneath the peaks H and L. 

The curve of the Figure shows the M.W.D. of the hydrolysate 
only at one particular time, "the tijie of sampling. As hydrolysis 
25 continues, the shapes of the curves obtained by analysis of the 
M.W.D of further samples will differ frcm that of the Figure in 
that:- 
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(a) peak H will move further to the right, 

(b) peak L will renvaii^ in about the sane place. 

(c) the area beneath peak H will diminish, and 

(d) the area beneath peak L will increase. 

5 A SEC colunn may be calibrated using dextran fractions of 

known iTolecular weight; the horizontal (x) axis may in this case 
be converted to a molecular weight scale. With such a suitably 
calibrated column, the volume of elution gives a quantitative 
indication of the molecular weight of the polymer leaving the 

10 column. The moverent of peak H to tlie right, as hydrolysis 
proceeds, therefore reflects a gradual drop in the molecular 
weight of the polymer v*iich is present in the H.K.W. fraction in 
greater proportion than any polymer of other individual molecular 
weight within that fraction. We have found that a satisfactory 

1 5 hydrolysis procedure for use in the present invention is one for 
which the elution profiles for hydrolysate samples show that the 
peak H (the ILM.W. peak) has mDved far enough to the right to 
have attained a value corresponding to 20,000 (molecular weight 
as irdicated on the x-axis) before the area beneath the peak L 

20 exceeds the area beneath the peak H (i.e. before the weight of 

the L.M.W. fraction exceeds that of the H.M.W. fraction). 

The main fai:tt>rs (apart rnim variations in t.ht? ori^iwil -.t.arch 
c:()mpi»iitit>n ) which govern thir iiat.ure oL tht- M.W.D. of T.ht; 

polymers which are the products of starch hydrolysis are:- 
25 (a) the nature of the hydrolytic agent (normally an enzyme or an 
acid) 

(b) the general reaction conditions, such as tenperature, pH, an< 
the concentrations of the starch and the hydrolytic agent. 



- 7 - 



When the hydrolytic agent is an enzyma, the manner in which 
the choice of enzyme affects the M.W.D. is decided by such 
matters as whether the action of the enzyme is endogenous (action 
on interior bonds in the amylopectin molecule) or exogenous 
5 (action on terminal bonds): whether the enzyme has selectivity 
for 1,4 or 1,6 lin)cages: and whether the hydrolysis nechanism is 
single-chain, multi-chain, or multiple attack (mechanisms 
well -recognised in current theories of how enzymic hydrolysis of 
carbohydrates taJces place). Unfortunately, these theoretical 
10 considerations prove to be of limited help on selecting a 

hydrolysis procedure which will give the result desired in the 
present invention, namely the production of a starch hydrolysate 
fran v*uch a high yield of GPM can be obtained. 

This is well danonstrated by the results obtained by using 
15 an acid as the hydrolytic agent. Acid hydrolysis, by its very 
nature, should in theory give a hydrolysate with a M.W.D. 
differing fran a random distribution only because of differing 
rates of attac)c on 1,6 as opposed to l,<l linJcages, and because of 
the readier accessibility of cliain ends in the amylopectin 
20 molecule, which is )cncwn to have a fan-shaped structure. However, 
we have found that acid hydrolysis (using hydrochloric acid as 
the hydrolytic agent) gives a hydrolysate having a binodal 
M.W.D., in the same way as the systems using enzymes. 

The invention will be illustrated by the following 
25 descrijjtion of experimental worJc. 

Waxy maize starch was subjected to a variety of hydrolysis 
procedures, using enzymes or hydrochloric acid - as hydrolysing 
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agent. For ccmparison purposes, standard naize starch (which 
contains less than 95% by weight of amylopectin) was also 
hydrolysed by sore of these procedures. 

Bacterial alpha-ainylases were obtained frcm Novo; these were 
(a) Termamyl brand from B. licheniformis and (b) Ban brand from 
B. subtilis (amyloliquifaciens) . Porcine alpha-amylase was 
obtained from Sigma; it may be mentioned that a preferred group 
of enzymes are alpha-amylases derived frcm animal tissue, 
preferably pancreatic tissue. 

Eiizymic hydrolyses were carried out on 25 g of starch in 250 
ml of water r adjusted to pH 6.0-6.5 for Ban and Termamyl, and to 
6.0 for porcine alpha-amylase. Termamyl hydrolyses were carried 
out at 85-90 degrees C; Ban at 75 degrees C; and porcine 
alpha-amylase at 22 degrees C after pre-gelatinising the st£urch 
at 90 degrees C. Enz^^me/substrate ratios were usually 1:1,000 by 
weight for Ban and Tenramyl; 1 unit/10 mg for porcine 
alpha-amylase. Calcium levels to optimise Ban and Termamyl 
activity were set at 180 mg calcium chloride per litre. E^z^ine 
hydrolysates were inactivated by heating to boiling for two 
minutes at pH 2,5 and diluted to 1% carbohydrate with 0.02% 
sodium azide solution prior to M.W.D. analysis. 

Acid hydrolyses were carried out at reflux in N/40 
hydrochloric acid. 

Hydrolysates were examined for M.W.D. using a Biorad 
H.P.L.C. system (Puirp 1330, R.I. Detector 1670450) fitted with a 
Spectra Physics integrating recorder (model ST 4270). Samples (50 
ul of a 1% solution in 0.02% sodium azide) were injected on to 
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two 30c3n Merck Lichrosphere Diol colurms 500 and 100 in series. 
Eluant (0.02% scdium azide in deionised vater at 25 degrees C) 
vas passed down the system at 0.5 ml/min. 

The system was calibrated using Dextran "T" fractiwis fran 
5 Pharrracia. It was regularly checked with the aid of dextrins 
of known M.W.D. It was found that the tire of elution (Ve) of 
material of nolecular weight 20,000 was 7.8 minutes. 

All hydrolyses were run for a sufficient length of time to 
take the H.M.W. peak of the SBC trace (peak H in the accanpanying 
10 drawing) far enough to the right as to correspond to Ve 7.8, i.e 
until the H.M.W fraction had a corposition such that material of 
molecular weight 20.000 was present therein in greater proportion 
than polymer of any other individual noleculeir weight. The 
weight ratio of L.M.W. fraction to H.M.W. fraction at Ve 7.8 for 
15 H.M.W. '^s derived as the ratio between the area beneath the 
L.M.W. peak (peak L in the acccrrpanying drawing) and the area 
beneath the H.M.W. peak (the integration of these areas being 
provided by the recorder), converted to a p»ercentage. 

The results of these experijnents (all using reaction 
20 conditions as described above, except vrfiere indicated) are 

suntnarised in Table I below, in which the following abbreviations 
are used. 

SMS Standard maize starch 

ViMS viaxy maize starch 

25 T Termaitiyl 

B Ban 

PP Alpha-anylase fran porcine pancreatin 
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E/S Eiizyme to starch ratio 

TABLE I 

Hydrolysis system Weight percentage 

of L.M.W. fraction 
5 when H.M.W. peak at 

Ve 7.8. 



1. SMS 


+ 


T. 


E/S 1:1,000 


71.5 


2. SMS 


+ 


B. 


E/S 1:1,000 


67.0 


3. SMS 


+ 


B + T. 


E/S 1:2,000 each 


66.5 


4. WMS 


+ 


T 


E/S 1:1.000 


60.5 


5. WIS 


+ 


B 


E/S 1:1,000 


56.0 


6. WS 


+ 


B + T. 


E/S 1:2,000 each . 


53.0 


1. WMS 


+ 


B 


E/S 1:2,000 


50.0 


8. V»S 


+ 


HCi 


N/40 normality 


46.5 


9. WMS 


+ 


B 


E/S 1:2.000 pH 7.6 


41.5 


10. WMS 


+ 


PP 


E/S 1 unit/10 ing 


33.5 



Most h>'drolyses took between 40 and 100 minutes to bring the 
H.M.W. peak to Ve 7.8. However, there was no direct relationship 
between the rate of hydrolysis and the weight percentage of the 

20 L.M.W. fraction at Ve 7.8. 

It will be seen that in the case of hydrolysis systems 1 to 
6 the vieight of the L.M.w. fraction exceeds that of the H.M.w 
fraction before the H.M.W. peak reaches Ve 7.8. They are 
therefore not suitable for use in the present invention. However, 

-,5 with hydrolysis systems 7 to 10, the H.M.W. peak reaches Ve 7.8 
before the weight of the L.M.W. fraction exceeds that of the 
H.M.W. fraction, and tliese hydrolysis systens are suitable for 
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use in the invention. 

Consideration of the results set out in Table I leads also 
to the following conclusions:- 

(a) Ccrtparison of systems 5 and 7 shows that, with Ban, a 
5 better yield is obtained with a lower E/S ratio. 

(b) Ccnparison of systems 7 and 9 shows that, although a pH 
range of from 6.0 to 6.5 is normally recoTwended as the c^timum 
range for Ban, the purpose of the present invention is more 
satisfactorily achieved by using the higher pH of 7.6 (at vrfiich 

10 the enzyme remains stable and active). 

Each of hydrolysis systems 4 and 10 was used to hydrolyse a 
waxy maize starch. In the case of system 10, the hydrolysis was 
terminated at a time (predetermined from the results of the tests 
described above) before the weight of the L.M.v;. fraction 

IS exceeded that of the H.M.W. fract.ion, and shortly after the 

H.M.W. fraction had attained a compcsition in vs*iich the content 
of polymer of molecular v^cight 20,000 was greater than that of 
polymer of any other individual molecular weight within that 
fraction. This was not possible with system 4 (which is outside 

20 the scope of the invention) ; the hydrolysis time was so chosen 
that the H.M.W. fraction attained a coaposition in which the 
content of polymer of molecular weight 20,000 was greater than 
that of pol>Tner of any other individual molecular weight within 
that fraction, but by that time the weight of the L.M.W. fraction 

25 exceeded that of the H.M.W. fraction. Membrane fractionation was 
used to separate out from the hydrolysate a GPM fraction having a 
weight average molecular weight of frcm 15,000 to 25,000. ihe 
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results are sunmarised in Table II. 

TABLE II 

Hydrolysis . Hydrolysis Yield of Weight average 

system. time (mins). GPM. nolecular weight. 

4. 90 36% 19,600 

10. 60 68% 21,200 



CLAIMS. 

1. A nethod of producing a glucose polyrcr mixture corprising 

(i) selecting a starch which has an anylopectin content of at 
least 95% by weight, 

(ii) selecting a hydrolysis procedure under which hydrolysis of 
said starch results in the H.M.w. fraction of the hydrolysate 
attaining a ccaposition in which, the content of polyner of 
nolecular weight 20,000 is greater than that of polyner of any 
other individual nolecular weight within that fraction, before 
the weight of the L.M.W. fraction exceeds that of the H.M.W. 
fraction, 

(iii) hydrolysing said starch by means of said hydrolysis 
procedure, 

(iv) terminating the hydrolysis before the weight of the L.M.W. 
fraction exceeds that of the H.M.W. fraction, and 

(V) fractionating tJie hydrolysate to recover therefran a 
glucose polynier mixture having a weight average nolecular weight 
of from 15,000 to 25,000. 

2. The method of claim 1 wherein said starch is ccnposed 
substantially entirely of amylopectin. 

3. The method of claim 1 or 2 wherein said starch is a waxy 
maize starch. 

4 . The method of any of claims 1 to 3 wherein said hydrolysis is 
effected by meems of a enzyme. 

5. T^je method of claim 4 wherein said enzyme is an 
alpha-amylase. 

6. The method of claim 5 wherein said enzyme is a bacterial 



alpha anylase frcm B. subtilis (anyloliquifaciens) . 

7. The method of claim 6 wherein said hydrolysis is carried out: 
at: a pH above 6.5 at which said enzyme ranains stable and active. 

8. The method of any of clainB 1 to 7 wherein the weight ratiio 
of enzyme to starch is not nore than 1:2000. 

9. The method of claim 5 wherein said enzyme is an alpha amyleise 
derived frcm aninal tissue. 

10. The method of claim 9 wherein said tissue is pancreatic 
tissue. 

11. The. method of claim 5 v*ierein said enzyme is an alpha amylase 
derived frcm porcine pancreatin. 

12. The method of any of claims 1 to 3 wherein said hydrolysis is 
effected by means of an acid. 

13. The method of claim 12 wherein said acid is hydrochloric 
acid. 

14. A glucose polymer mixture produced by the method of any of 
claims 1 to 13. 
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